
A STUDY OF N-ALKYLATED

CYCLOHEXEN- 2 -YLAMINES AND SOME

RELATED HETEROCYCLIC DERIVATIVES

by

JAMES MONROE BONNELL

A DISSERTATION PRESENTED TO THE GRADUATE COUNCIL OF
THE UNIVERSITY OF FLORIDA

IN PARTUL FULFILMENT OF THE REQUIREMENTS FOR THE
DEGREE OF DOCTOR OF PHILOSOPHY

UNIVERSITY OF FLORIDA

August, 1955



i

PHEPACB

The subject matter of this dissertation is

presented In two sections for clarity. The cyclo-

hexenylawines represent mainly syntheses, while the

plperazines relate to exploratory techniques and attempts

to synthesize a particular compound. The preparation

of individual compounds is presented in detailed form

so that future investigators may easily duplicate

the work.

The manner of listing technical works is the

customary one used by journals of the American Chemical

Society. The abbreviations of Journals are those adopted

as official by Chemical Abstracts .

All temperatures are reported in degrees centi-

grade, and the centigrade symbol is omitted. All

melting points and ooiling points are corrected and

were determined with thermometers calibrated against a

set of thermometers corrected by the Bureau of Standards.

All yields of cyclohexenyl amines are based upon

the 3-bromocyclohexene used.
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CHAPTER I

INTRODUCT ION

Certain derivatives of 1-phenylpiperazine have

shown evidence of being useful in the field of medicine,

particularly l-phenyl-^- (2-hydroxyethyl ) -piperazine and

1 2
l-phenyl-i4.-(2-hydroxy-3-methoxypropyl ) -piperazine. *

About five years ago 2, 5-diinethylpiperazine and 2,6-

dimethylpiperazine becar^e available commercially, and

It was felt that derivatives similar to those of piper-

azine would be of interest. With this in mind, l-(2-

hydroxyethyl)-2,5-cliJ'iethylpiperazine was prepared, and

a phenyl group was substituted on the i^-positlon.

Considering the structure of cyclohexenylamine

and its N-alkylated derivatives, it appeared favorable,

from a theoretical point of view, to be a starting

material for the synthesis of phenyl substituted amines.

The literature lists exaruples of the dlsproportionation

of cyclohexene to cyclohexane and benzene,-^ the cata-

lytic dehydrogenation of cyclohexene to benzene,^ the

dehydrogenation of the cyclohexene ring with sulfur and

selenium,^ the stepwise dehydrohalogenation of brominated

cyclohexene to benzene,^ and the cleavage of various

1
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7
groups froiT: substituted cyclohexenes to form benzenes.

The idea of substituting a cyclohexenyl group on the

l4.-position of 1- (2-hydroxyethyl)-2, S-dimethylpiperazine

and dehydrogenatittfj or disproportlonating to the phenyl

group was conceived. This was unsuccessful, but the

study of this compound indicated a great lack of Inforru-

ation on the series of cyclohexenyl amines.

The literature lists only five compounds of the

series C^H^Rj^R2 in which R can oe hydrogen, alkyl,

aryl, or cyclic. Tnose listed include cyclonexen-2-

8 6
ylamine, N,N-dlmethyicyclohexen-2-yiamine, N,N-diethyl-

cyclohexen-2-ylairilne,*^ N-cyclohexen-2-ylpiperidine,

12and N-phenylcyclohexen-2-ylamine.

The synthesis of the simpler ruembers of this series

was necessary to help \inderstand the ifiOre complicated

piperazine compounds. The reactions of N,N-diethyl-

cyclohexen-2-yl amine were of particular interest in

this respect, since the pair of two member carbon chains

closely approximated the basic structure of the pip-

erazine cumpoxind.

This dissertation describes the preparation of a

number of derivatives of cyclohexen-2-yl amine and various

compounds of 2, 5-dimethylplperazine prepared as deriva-

tives and interaediates

.
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The physical constants of these couipounds,

including boiling points, refractive indexes, and

Infrared absorption bands are presented. Derivatives

for characterization of certain of these aniines are

listed with tne parent coxupound.
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A SURVif jP TnL PHOBLEK

Review oT the Llterat ure

Following the establishrient of piperazine as a

compoimd in l653» the chemistry of the faxTiily of sub-

sti tuted-piperazines was developed. C-Substltuted

piperazines are not as well known as piperazine itself.

The methods by which any substituent may be placed at

a given position on the piperazine rin.^ are limited.

2,5- and 2, 6-diinethylpiperazine were received with .^reat

interest when they were introduced commercially in 191+9.

Since that time the purity of the compounds has been im-

proved, and individual geometrical isomers have become

available. After the completion of this experimental

work, Wyandotte Chemical Company announced the availaoili-

ty of cis and trans 2,5-diniethylpiperazine.

From a theoretical point of view, 2, 5-dimet hyl-

piperazine has been of interest for some time. The

two stable {geometrical isomers were separated by Stoer

and were labeled alpha and beta 2,5-dimethylpiperazine

in 1693-97. * Pope and Read identified the trans

h



5

Isomer in 1912-191U* while the dl-cis isomer

was resolved via the d-Hydroxymethylenecax iphor

derivative.
^"^ Interest then lagged until Carbide and

Carbon Chemicals Company introduced the dimethylpipera-

zines. Since the commercial introduction, articles

describing derivatives, usually unsymetrically substi-

tuted, of 2,5-dimethylpiperazine have appeared from

time to time.^^"^^ They usually were prepared for clin-

ical testing because many piperazines snow ptiy siological

activity

.

Initially, the synthesis of i-phenyl-i+-(2-hydroxy-

ethyl)-2,5-dimethylpiperazine was desired, i^.- ( 2-Hydroxy-

ethyl )-2, 5-diniethylpioerazine was prepared by the method

21
of Adelson and Pollard, x-iodified slightly to meet the

conditions imposed by the physical properties of 2,$-di-

methylplperazlne. Substitution of a phenyl group onto

an amine is difficult, but it has been accon.plished in

certain specific cases. The addition of £-nitrobromo-

benzene to amines was accomplished by refluxing the

alcoholic solution of the reactants or ay meltin^; the

reactants to-i^ether in a stoppered carbonated drink

22
bottle. The nitro group could then be reduced to the

amine and either substituted or diazotized, the diazotized

arriine being either treated to remove the nitrogen to form

the phenyl derivative or treated to substitute halogen
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or nitrile for the nitrOi^en. The addition of £-chloro-

benzoic acid can be accomplished by refluxing a mixture

of the amine with £-chlorobenzoic acid, copper powder,

and xylene. Heating iodobenzene, the amine and copper

powder for a number of hours will also cause substitu-

tion.^ It was also bell-eved that there was a ^jood

possibility of substituting a cyciohexene ring in the

3-7
1-position and dehydro ^enatin^ it to the phenyl group.

Cyclohexenyl amines with the an.ine r5roup on the ring

have been prepared In a number of ways. Mannich and

Davidsen prepared cyclohexen-l-yl-plperidine from cyclo-

hexanone and piperidlne . '^ C. F. H. Allen, Alan Bell,

and J. W, Gates prepared l-nitro-2-phenyl-I|.-cyclohexene

from butadiene and bet

a

-nitrostyrene via the Dlels-

17
Alder reaction.-'^ This, in turn, was reduced to the

amine with hydrogen and Raney nickel. D. V. Nightingale

and V. Tweedie prepared a nui;.ber of phenyl derivatives

in this manner.-^^ J. Gutman prepared N,K-5-trimethyl-

cyclohexen-2-ylam.ine and N, K-2-trimethylcyclohexen-2-

ylamlne from l-methyl-3, i|.-dlbromocyclohexane and 1-

methyl-1, 2-dlbromocyclohexane treated with dimethyl-

amine. -"^ ^ Max Kousseron prepared several alkylated

cyclohexenylamines from the 2-ulkyl-l-airiino-2-cyclohex-

anols by dehydration with phosphorous pentechloride .^^

Mousseron and Nanon prepared N, N-diethylcyclohexen-2-



g
ylainine, Hofmann and Damm prepared both cyclohexen-

2-ylanilne and N, N-diinethylcyclohexen-2-ylainine, and

Arbuzov and Mastryurova prepared N-phenyl-cyclohexen-

2-ylamine by react in>f; the appropriate amine with 3-

bromocyclohexene prepared by means of the Wohl-Ziegler

25-28
reaction.

With the exception of the Wohl-Ziegler and the

Diele-Alder reactions, the position of the douole bond

is in doubt since the part which is eliminated may be

removed in either of two directions. These reactions

require proof of structure. The Diels-Alder reaction

provides only ring substituted derivatives, therefore,

the Wohl-Ziegler reaction was chosen for the preparation

of cyclohexenylamines of known structure. This reaction

25
is reviewed by C. Djdrassi in Chemical Reviews.

Ziegler et al, found that N-bromosuccinimide brorriinated

methylene groups in preference to methyl groups and would

26
not react with tertiary hydrogens. They also found

that cyclohexene was brominated in the 3-position ex-

clusively and in high yields. Mousseron et al. in-

vestigated the effect of substituents on the cyclohexene

27ring and the position of the bromine substitution.

They found that 1-alkyl-l-cyclohexenes brominated in the

6-position, while the 1-chloro brominated in the 3-

position.
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Table 1 is extracted from this reference.

Various solvents, including carbon tetrachloride,

benzene, petroleum ether or heptane, ethanol, or chloro-

form can be used in this reaction. Carbon tetrachloride

is the usual solvent because the N-bromosuccinimide sinks

while the succinimide formed floats, thus giving an

indication of the pro-^ress of the reaction. Benzoyl

peroxide is used as a catalyst.

It was felt that the simpler members of the

cyclohexenylamine series should be studied in order to

obtain a better idea of the problem. Very little inform-

ation exists even on the simple members of this scries.

The amine itself, N, N-dimethyl- , N, N-diethy 1- , phenyl-,

and the N-cyclohexenylpiperldine are the only ones re-

corded that do nut have ring suost itut ion.

A nxjDiber of these amines was prepared to elucidate

this series and to provide physical constants and infrared

spectra for coiuparisons in this study. Prom literature

values already available, a comparison of cyclohexenyl-

aiTiines, anilines, and cy clohexylamlnes is made.^*^'^^

Discussion

The problem resolves itself into the preparation

of l-(2-hydroxyethyl )-2,5-dimethylpiperazine, attempts

to substitute a phenyl group in the U-position by several
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methods, and the preparation and correlation of the

physical properties of the simpler members of the cycio-

hexenylamlne family. This was done to ajd in the under-

st-^ndiny of the reactions of the more coriplicated sub-

stituted piperazine derivatives.

The method used to prepare the cyclahexenylamlne

derivatives ylel ls only one isomer v/hich siiiipi If i es

analysis via infrared spectra. The preparation of

characterization derivatives has been iniade when possible.

This step proved to be very difficult with this series

because only the siinplest tertiary amines yielded meth-

iodidea or picrates, and the secjndury aiaines yielded

oils in the lower members of the series and no product

with the higher members of the series. The methiudlde,

picrate, phosphate, tartrate, 3, 5-dinitrobenzoic acid

salt, hydrochloride, hydrobromide, addition of KCl and

HBr to the double boni, dibromination of the double bond,

salicylic acid salt, and phthalic acid salt derivatives

of the tertiary atnines were attempted with success in

some cases and failure in others. The phenyxthiourea,

benzenesulf onaifiide, and many of the derivatives listed

above were used with the secondary amines.



CHAPTER III

SYNrHESIS AND PROP; RTIE.S OP TEL CYCLOilEKLNYLAiMlNLS

Experimental Work

The experimental part of this work, while closely

related, is divided into two parts for purposes of

clarity. The cyclohexenylaii ines represent mainly syn-

theses, while the piperazines relate to exploratory

techniques and synthesis of a particular compound.

The cyclohexenylamines may be prepared either

from the amine and a cyclohexene halide or from cycio-

hexenylandne via alkylation. The preparation of 3-

bromocyclohexene is straightforward and furnishes hl^^h

yields of product. Cyclohexene is available comn.ercially,

as is N-bromosuccinimide, a convenient bruminating

agent. The reaction is clean-cut, producln,-:; only the

3-bromo isomer. The halide, in addition to beln,/, con-

venient to make, is also very reactive with the araines

used. 3-Broraocyclohetene can be made by other methods,

such as the aidition of hydrogen bromide to 1,3-cyclo-

hexadlene with the hydrogen bromide adding l,i|- or by

the treatment of cyclohexen-2-ol with phosphorous

11
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pentabroBilde.

The cyclohexene used in this work was obtained

from Matheson Coleman and Bell Chemical Company, the

N-bromosuccinimide from Arapahoe Chemical Company,

and the arr,ines from Eastman Kodak Company and Sharpies

Chemical Company. All reagents were used without furthe

purification.

The general method of preparation of the cyclo-

hexenylamines consisted of preparing a large batch of

3-bromocyclohexene by treating a five-fold excess of

cyclohexene in carbon tetrachloride at its boiling

point with a suitable ajiiount of N-bromosuccinimide.

The equipment for this preparation consisted of a

three-liter, three-necked flask fitted with an efficient

stirrer and a very efficient condenser. The third neck

was used for the addition of the N-bromosuccinimide.

The reaction after initiation was very rapid and pro-

ceeded best at the refluxinp^ temperature of the mixture.

The N-bromosucclnlmide was added in rmall increments

to aid in controlllnr; the reaction. After the addition

had been completed, the succinimlde was filtered from

the liquid, and the excess cyclohexene and carbon tetra-

chloride were stripped by distillation. The 3-bromo-

cyclohexene was then distilled under reduced pressure.
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The amine used in the reaction was dissolved

in ether, and the amount of the 3-broinocyclohexene,

calculated to equal half of the molar quantity of the

amine, was added. The mixture was allowed to stand

overnight at room temperature, and the separated amine

salt was filtered. The filtrate was shaken with water,

then with sodium hydroxide, and dried with a combination

of anhydrous sodium sulfate and potassium hydroxide.

This was followed by distillation of the ether and then

the amine under reduced pressure.

Preparation of characterization derivatives

has been carried out when possible. The preparation

of these derivatives has proven very difficult, as about

half of these comoounds are tertiary amines with rather

large subst ituents, and the other half are secondary

ajTilnes, also with rather large subst ituents . In the

tertiary amines, only the simpler members would form

derivatives as the higher members were aterically

hindered. The secondary amines, while reacting readily,

formed oils with the lowest as well as the higher members

of the series.

The crude amines were distilled twice throu.^h a

short Vlgreaux column. The final sample consisted of

a center cut of the second distillation.
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All syntheses are described individually in the

following pages, and some of the physical properties

of the compounds are tabulated. A typical infrared

spectrum for this series of compounds is presented,

and the important absorption bands of each compound

are listed in Table III.
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3-Bromocyclohexene

Five hundred graiiS (6.1 moles) of cyclohexene

and one liter of carbon tetrachloride were added to a

three-liter, three-necked flask. The flask was equipped

with an efficient mechanical stirrer and a 600 mm.

Allihn condenser with no constriction at the lower end

of the tube to restrict the flow of liquid returning

to the reaction. The flask was heated with a three-liter

heating mantle adjusted to keep the reaction mixture

boiling at minimum reflux. A total of i+10 g. (2.3 moles)

of N-bromosucciniraide was added over as short a period

as possible in 15 g. increnients. If amounts larger than

this had been added, the reaction would have proceeded

with such violence that it would have boiled out of the

condenser, causing a low yield. The addition should

not take more than one hour. One or two grams of benzoyl

peroxide were added to catalyze the reaction. After

each addition the mixture boiled violently and filled

at least three bulbs of the condenser with condensate.

Unless the reaction boiled violently after each addition,

the yield was low. After the additions had been com-

pleted, the reaction was refluxed for one hour and allowed

to cool to room temperature.

The succinimide was filtered from the liquid, and.
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after washln;^ with caroon tetrachioride, was dried and

reprocessed into new N-bromo£uccinimide . The combined

filtrate and washings were placed in a three-liter

flask alonf^ with 200 ml. of mineral oil as a chaser,

several boilln-^ chips, and a stirring bar for a magnetic

stirrer. A short Vip;reaux coliimn and straie^ht hori-

zontal condenser with a vacuum take-off and fraction

cutter were used for the distillation. The cyclohexene

and the carbon tetrachloride were stripped off at normal

pressure and retained without separation for the next

run. The 3-bi'oniOcyclohexene was distilled under

reduced pressure and boiled at 71^^/ 26rrmi, A yield of

350 g. Ok%) was obtained from this run. The normal

yield for this reaction was from 65 to 9S% with higher

yields coming from larger runs. The product as obtained

from the first distillation was suitable for use in the

preparation of cyclohexen-2-ylamines . Cyclohexene and

3, 6-dibromocyclohexene were the only impurities, and

they were insignificant.

3-Bromocyclohexene could be stored for only a

very short time and then only in an inert atmosphere and

In the dark. In this work the 3-t>romocycloherene was

used the same day that it was prepared with as little

delay as possible. It was necessary to complete reactions

in one day in order to avoid low yields of amine.
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^-Bron.ocyclohexene

Equation for Synthesis:

H,,C-C
/
NBr

H^C-C.

Br 4-
\

H-C-C
^

II

0

/
NH

Molecular Formula C.H Br
D 9

Molecular Weight l6l.Oi|6

Boiling Point 7U°/2t mm.

Yield, % .9i;.0

This compotind is described in the iiterature.^^"
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Cyclohexen-2~ylajulne

This compoimd was described in ttie literature

by Hofmann and Danim. Their procedure was not followed,

because high enough concentrations of arnmonia in benzene

were not obtained.

Twenty-five grams of 3-broinocyclohexene (0.156

mole) were mixed with 60 ml. of 26?^ aqueous ammonia

(1 mole) and two drops of Triton X-100 in a 2$0 ml.

Erlenmeyer flask. The flask was placed on a magnetic

stirrer and allowed to agitate overnight. The solution,

which had turned black, was extracted with ether,

separated from the water layer, dried with sodium sul-

fate and solid potassium hydroxide, and distilled under

reduced pressure after the ether was stripped. A

yield of 11. 3 g. {7k%) of a product which boiled at

6l°/ 6.2 mm. was obtained.

An attempt was made to distill this sample

from sodium to effect a final purification. However,

the sodium acted as a polymerization catalyst, and most

of the sample polymerized in the still pot.

As this compound was known and was prepared only

to obtain its infrared spectrum, the material saved from

the above distillation was the only sample made, and no

derivatives were prepared.
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N-'Methylc7Clohexen-?-yl amine

Slxty-elJ^ht r^rams (1 mole) of methylamine hydro-

chloride were dissolved In water and chilled to 0°

with an Ice-bath. To the chilled solution were added

1^0 g. (1 mole) of sodium hydroxide dissolved in 200 ml.

of water, and the mixture was chilled to the same

temperature. The mixture was cooled during the reaction

to prevent loss of the methylamine formed. To the

methylamine-salt solution were added 25 g. (O.lSt mole)

of 3-bror.ocyclohexene and two drops of Triton X-IOC.

The rr.ixture was pieced on the magnetic stirrer »nd

allowed to ap;itate overnight.

The brown reaction mixture whs extracted with

ether, separated from the water layer, dried with sodium

sulfate and solid potassium hydroxide, the ether stripped,

and the product distilled under reduced pressure. The

yield was 10 g. (57^) of a oroduct boiling at 67°/lU mm.
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N-Kethylcyclohexen-2-ylanine

Equation for Synthesis:

CH.NH^C1+ NaOH—CH NH 4-NaCl-f-H 0
3 3 3 2 2

Br-^Zti^UCH^ yNHCH^+ CH^NH^-flBr

Molecular Fomula C H N^7 13

Molecular Weight 111,162

Boiling Point 67°/ll+ rnm,

Yield, % 57.0

Analysis—Nitrogen, %:

Calculated 12.6

Pound 12,6
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NtN-'r>lmethylcyclohexen-'2-ylart.ine and

Characterization Derlvat ives

N,II-Dlmethylcyclohexen-2-ylaitiine was prepared
p

by Hofmann and Damiii. They treated a colution of iimethyl-

airdne with 3-t)roniocyclohe xene in benzene and ootained

the expected produce.

Considering the success obtained by usinj

aqueous aranionia and iiicthyiamine, It was decided to use

ZSfo aqueous diiaethylaiuine in this reaction. It is

available coxa...erclaily frori either Distillation Products

Industries or Sharpies Corporation.

Thirty-two and one-half gror.ic (0.2 mole) of

3-broiaocyclDhe<ene anl two irops of Triton X-lUC were

added to 76 g. (0.i| mole) of dimethylainine in water.

The mixture was stirred overnight, neutralized with an

excess of 50^ sodium hydroxide, and extracted with ether.

The ethereal extract was dried with anhydrous sodium

sulfate and potassium hyiroxide pellets and distilled.

The reaction yielded 15.5 g. (60^) of a product

boiling at 79°/3U mm., 85°/50 mm., or 91Vs? mm.

Cyclohexen-2-yltrimethylammoniura iodide was pre-

pared by adding an excess of methyl iodide to dimethyl-

cyclohexen-2-ylamine. A vigorous reaction took place,

and the product was crystallized from absolute alcohol
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and anhydrous ether.

The plcrate was prepared by mixing an ethanolic

solution of the base with a saturated ethanolic solution

of picric acid. The solid was crystallized from 9S%

ethanol

.

The cyclohexen-2-yltriinethylammonium iodide

o
melts with loss of solvent at l6[j.-l65.5 » resolidifies,

and remelta at 260.2-262.2°. The picrate browns at

173.6° and melts at 175-177.6°.
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N.N'Dlmethylcyclohexen-a-ylamine

Equation for Synthesis:

.Br-t-2HN(CH3)2 ( >N(CH3) 3 + (CH3)2NH-xlBr

Molecular Ponaula ^8^5^

Molecular Weight 125.206

0 .

Boiling Point 79 /34

l.i|60i
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Characterization Derivatives

Cyclohexen-2-yltriinethylurjrioniun iodide:

Molecular Formula C<^H^^NI

Molecular Weight 269.152

Melting Point 260.2-262.2

Analysis—Iodine, %:

Calculated 1+7 • 5

Pound .6

N,N-Diniethyicyciohexen-2-yiu:tiine picrate:

Molecular Formula C, , H, ,N, 0^
14 Ic U 7

Molecular Weight 35U«31t>

Melting Point Browns, 173.6 q
Melts, 175-177.6

Analysis--Kitrogen, %:

Calculated, . . .15.6

Pound iS-k
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N-E?thylcyclohexen-2-ylajnlne

One hundred grams (1,5 molea) of a 70%

solution of ethylaralne were mixed with 25 g. (0.158 mole)

of 3-bromocyclohexene and two drops of Triton X-100.

This was stirred overnight at room temperature, neutral-

ized with an excess of $0% sodium hydroxide, and extracted

with ether. The extract was dried with anhydrous sodium

sulfate and potassium hydroxide pellets. The ether was

stripped and the amine distilled under reduced pressure.

The yield was 11.2 g. (SliJ^) of a product boiling at

70V15 ran.

Attempts were made to prepare the hy drobromide,

the phenylthiourea, and the benzenesulfonamide as deriva-

tives. The base was dissolved in either absolute alcohol

or absolute ether. Dry gaseous hydrogen bromide was

bubbled into the solutions, yielding an oil In the ether

solution and an oil when the alcohol solution was sat-

urated with ether. Attempts to crystallize these oils

were not successful. One milliliter of the base and

1 ml. of phenylisothiocyanate were mixed in a test tube,

and after the first vigorous reaction subsided, the

mixture was ^^ently heated over an open flame and then

allowed to cool. Crystallization from alcohol in a

deep freezer at -20° produced a solid which melted at
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room temperature and could not be purified. One milli-

liter of the base, 1 ml. of benzeneeulfonyl chloride,

and 10 ml. of 20^ sodium hydroxide were shaken in a

test tube. The starting amine was the only product

recovered. The same reaction was run in methylethyl-

pyridine yielding after steam distillation an oil that

could not be crystallized.
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N-Ethylcyclohexen-2-yl amine

Equation for Synthesis:

)Br+2H„KC^H.- —

Molecular Formula ^6%5^

Molecular Weight 125.208

Boiling Point 70°A3

n^^P 1.1+702

Yield, % 6i|.0

Analyses—Carbon, %:

Calculated 76.?

Found 75«6

Hydrogen, %i

Calculated 12.1

Found 11 .9



r
29

N, N-Dlethylcyclohexen-2-ylainlne and

Characterization Derivative

Twenty-five grams (G.3 mole) of dlethylair.ine

were mixed with 25 g. (0.15 mole) of 3-bromocyclohexene

.

The reaction took place at once and required cooling

to prevent loss of reactants. The mixture was diluted

with ether and filtered. The ether filtrate was shaken

with an excess of 50^ sodium hydroxide solution, separated,

and dried wUh anhydrous sodium sulfate and uotassium

hyd-'oxlde pellets. T'he ether wa,<= stripped and the amine

distilled unier reduced pT«essure. A yield of 1? g. (70^^)

of a product boilinc^ at 60°/6 mjn. was obtained.

The picrate was obtained by mixing a solution of

1 ml. of the base in 10 ml. of 955^ ethanol with 10 ml.

of a saturated solution of picric acid in etaanol. The

yellow precipitate was filtered from the mother liquor

and crystallized from 95^ ethanol. The product molted

at 102-105°.

Attempts were made to prepare the methlodide,

the hydrobromide salt, the tartrate salt, the phosphate

salt, and the 3, 5-dinl trobenzolc acid salt, but no solid

nroduct could be isolated from any of these reactions.

Dibromination of the double bond was attempted

by the addition of bromine in ce-bon tetrachloride or in
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glacial acetic acil to the

solvent. No solid proiuct

30

bape dissolvori in the same

was isolated.
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N,N-Dlethylcyclohexen-2"yl amine

Equation for Synthesis:

Br + 2HN(C2H^)2 —^ ^UjC^E^)^ +

(C2H^)^NH.HBr

Molecular Formula r H n
10 19

Molecular Weight 153*2^

Boiling Point S0°/6 mm.
32.5

"
D 1-^^35

Yiel'^, ^ 70.0

Analysi£--Nltrogen,

Calculated 9.1]+

Pound 9.35
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N-n-Propylcyclohexen-2-'ylanine and

Character! z at Ion Derlvat Ives

Twenty-five grar.iS (0.15 mole) of 3"t)roL:ocyclo-

hexene were added to IGO g. (1.7 moles) of n-propylaralne

.

The mixture was allowed to stand overnight and was then

filtered to remove the crystals of n-propyianiine hydro-

bromide. The filtrate was diluted with ether and

shaken with an excess of 50'^ sodium hydroxide, separated,

and dried with anhydrous sodium sulfate and potassium

hydroxide pellets. The ether was stripped and the pro-

duct distilled under reduced pressure. This yielded

13 g. (60^) of a product boilias at bb^/b mn,. or /21 mm.

The phenylthiourca wus prepared by mixing 1 ml.

of the base with 1 mi. of phenylisothlocyanate , heating

over an open flame for several minutes after the initial

reaction subsided, and then crystallizing from 95^ ethanol.

o
The pure product melted at 105.5-106.6 .

The benzenesulf onai'.i de wat^ prepared by addlnt^ 1 ml.

of the base and 1 ml, or oenzonesulfonyl chloride to 10 i\X.

of methylethylpyridine. After reacting, the mixture was

diluted with water and steairi distilled. The remaining

oil was allowed to solidify and was then crystallized

from 95^ ethanol. The pure product melts at 69.4-91.14°.
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N-n-Prop.ylcyclohfcxen-2-yl amine

Equation for Synthesis:

'NHC H -l-C li KH
3 7 3 7 2

iiBr

Molecular Pomula C H N
9 17

Molecular Weight 139.231+

Boiling Point £9^27 imr.

\ 1.U690

Yield, % 60.0

Analy8es--Carbon, %:

Calculated 77,6

Found 77.6

Hydrogen, %:

Calculated 12.3

Pound 12,2
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Characterization Derivatives

Phenylthiourea;

Molecular Porroula ^16^22^2^

Molecular Weight 274.1+18

Melting Point 105.5-106.5°

Analyses--Carbon, %:

Calculated 70.0

Pound 69.7

I^drogen, %x

Calculated 6.06

Pound 6.07

Benzenesulfonamide

:

Molecular Formula C NSO
15 21 2

Molecular Weight. 279,392

Melting Point e9.i|-9l .14.°

Analyses—Carbon, %:

Calculated 61|.7

Found 61|.3

Hydrogen, %i

Calculated 7.77

Poland 7.1+2
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N-Isopropylcyclohexen-2-ylajiilne and

Characterization Derivative

Twenty-five grains (0.15 mole) of 3-bromocyclo-

hexene were added to 30 g. (0.5 mole) of isopropylamlne

in 100 ml. of ether. The mixture, after standing over-

night, was filtered to remove the salt formed, and the

filtrate was shaken with an excess of 505^ sodium hy-

droxide. The ether layer was dried, the ether stripped,

and the product distilled under reduced pressure. The

yield for this reaction was lij..? g. (66^) of a product

boiling at mm.

The phenylthlourea was prepared by mixing 1 ml.

of the base and 1 ml . of phenyl 1 sot hi ocyanate in a test

tube, and, after the initial reaction subsided, it was

heated over an open flarr.e for several minutes. After

cooling, the product was ci^stelllzed from 9^% ethanol.

The pure product melted at 116.6-117.6°.

The preparation of the benzenesulfonamide and

the benzamide was attempted by several of the conven-

tional methods, but all resulted in the production of

oils that refused to solidify even at -20°.
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N-Isopropylcy clohexen-2-ylar:lne

Equation for Synthesis:

/ >Br+ glUasoC H / >NHlsoC H +

IsoC^H^NH^.HBr

Molecular Formula C^H^^N

Molecular Weight 139. 23^

Boiling Point lh°/2k. mm.

n^^jj l.i|62i;

Yield, % 66.0

Analysis—Nitrogen, %z

Calculated 10.1

Pound 10.2
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Cha rac t e r 1 z at 1 on Deri vat Ive

Phenylthlourea:

Molecular Formula ^16^22^2"^

Kolecular Weight 27l+.Ul6

Melting Point II6.6-II7.6

Analysis—Nitrogen, %:

Calculated 10.2

Pound 10. 14.
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N»H-Dl-n-propylcyclohexen-2-yl amine and

Characterization Derivative

Twenty-five grams (0.15 mole) of 3-broiriOcy clo-

hexene were mixed with 65 g. (0.6^ mole) of dl-n-propyl-

amlne In 100 ml. of ether. After standing overnight,

the reaction mixture was filtered, the filtrate shaken

with 50^ sodium hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the product

distilled under reduced pressure. The yield was 22 g.

(77.5^) of a product boiling at l^k^/kk nm. or 116V27 mm.

The picrate was prepared by nixing 1 ml . of the

base in 10 ml. of 95/« ethanol with 10 nl. of a saturated

ethanollc solution of picric acid. The yellow precipitate

was filtered and crystallized from 95^ ethanol. The

picrate melts at 92.i|-93

The methiodide and the hydrobroraiie could not

be Isolated as a solid out always separated as an oil.
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K, N-Dl-n-propylcyclohexcn-2-ylatrilne

Equation Tor Synthesis:

»Br-f 2IIi:{C3H^)2 —^ <^
^^(C^H.^)^ "H

yxOlecular Formula ^12^23^

Molecular Weight 161.31

Boiling Point 13i;°/i+4 wt'i*

I.U65I1

Yield, % 77.6

Analy3es--Carbon, %:

Calculated 79.6

Pound 76 .3

Hydrogen,

Calculated 12.6

Found 12.3
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Characterization Derivative

Picrate:

Molecular Formula ^lfci^26\^7

Molecular Weight I4.IG.I4.2

Melting Point 92.l4-93.i+°

Analy8es--Carbon, %:

Calculated 52.7

Found 52.5

Hydrogen, ^:

Calculated 6.37

Found 6.29
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N-n~3utyicyclohe :en-?-yld!r,lne and

Characterizat Ion Derivative

Twenty-five grairis (C.15 mole) of 3-broruOcycl o-

hexene were raixod with 100 g. (2.1 moles) of n-butyl-

aii:lne in 100 ml. of ether. Aftor standing overnight,

the reaction mixture was filtered, the filtrate shaken

with an excess of $0% sodium hydroxide, and separated.

The ethereal solution was dried, the ether stripped,

and the oroduct distilled under reduced pressure.

The yield was 20.5 g. (66^) of a proiuct boiling at
o , o

127 /65 mr.. or /9.5 mm.

The benzenes 'olfonajiiide was prepared by mixing

1 ml. of the base with 1 i;.l . of benzenesuifonyl chloride

in 10 ml. of methylethylpyridine . After reaction, the

resulting mixture was steam distilled and the solid

residue crystallized from 955^ ethanol. The pure

product melted at 79.3-81.3°.

The base when mixed with phenylisothlocyanate

showed evidence of reacting by imii.ediate evolution of

heat, but the product of the reaction could not oe

crystuiilzed.
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N-n- Butyl cyclohexen-2-yl amine

Equation for Synthesis:

Br-f 2H NC, H — ( >NHC, H + C H NH -HBr

Kolecuiar Formula
^10^^19^

Molecular Weight 1^3.26

Bollin,^ Point 6i|V9.5 mm.

" D

Yield, % ee.O

Analyses— Carbon, %:

Calculated 78. ij.

Found 76.1

HydrO:^en, %:

Calculated

Found

12,

S

12.5
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Characterization Derivative

Benzenes ulf onamlde:

Molecular Formula Cl6^23^^^2

Molecular Weight 2934l8

Melting Point 79.3-C1.3

Analyses—Carbon, %:

Calculated 65.6

Pound 65.9

Hydrogen,

Calculated 7.90

Pound 7.76
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N,N-Di-n-butylcyclohexen-2-ylainlne

Twenty-five grams (0.15 mole) of 3-bromocyclo-

hexene were mixed with 60 g. (0.62 mole) of di-n-butyl-

amlne In 100 ml. of ether. After standing overnight,

the reaction mixture was filtered, the filtrate shaken

with an excess of S0% sodiiui hydroxide, and separated.

The ethereal solution was dried, the ether stripped,

and the product distilled under reduced pressure. The

yield was 25 g. (77!^) of a product boiling at mm.

Attempts to prepare the picrute, methlodide, and

hydrobromide resulted in oils that could not be

crystallized.
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N.N-Di-n-butylcycl

Equation for Synthesis:

{Cj_^H^)NH.HBr

Molecular Formula

Molecular Weight 209.37

Boiling Point Bk°/l.[? mm.

n^U 1.^660" D

Yield, % 77.0

Analyses— Carbon, %:

Calculated 60.3

Pound 80.6

Hydrogen,

Calculated 13.0

Pound 12.6
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N.N-Pilsobutylcyclohexen-2-ylainlne and

Characterization Derivative

Twenty-five grai. s (0.15 Piole) of 3 bromocyclo-

hexene were mixed with UO g. (O.3I nide) of diisobutyl-

amine in 100 ml. of ether. After standing overnle^ht,

the reaction mixture was filtered, the filtrate shaken

with S0% sodium hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the product

distilled under reduced pressure. The yield was 25 g.

illi) of a product bollln^^ at 102°/^ rrm\.

The pi crate was prepared by mixing 1 ml. of the

base in 10 ml. of 9S% ethanol with 10 ml. of a saturated

solution of picric acid in ethanol and boiling five

minutes. On cooling and standing at -20° for four weeks,

the product solidified and was crystallized from 9S%

ethanol. The product required several days at -20° to

crystallize, even with seeding.

The methiodlde and hydrobromide were also

attempted in addition to the picrate, but no solid

product could be obtained.



H,?I-Dllsobutylcyclohex&n--?-7lar.ine

Equation for Synthesis:

>Br+ 2HN(lsoC]|H,p^ / >N(lsoC|^H^)^ +

(i£0C^H^)^NH»HBr

Molecular Formula . II^„K
Ik 27

f'olecular Weicht 209.37

Boiling Point 103°/^ i^i*

n^^ l.i;627
D

Yield, f:. 77.0

Analy8ls--Nitrogen, f::

Calculated 6.67

Pound 6.73
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Charecterjyatlon Derlvntlve

crate:

Molecular Porr.ula ^20^3o\^7

Molecular Weii.'iht

Melting Point 91.9-V3.l4°

Analyses— Carbon, %:

Calcul ated. . .5U •

t

Found 5U«9

Hydrogen, %:

Calculated. . ,6 . 90

Pound 6.61
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N, N»DlisoGPiylcyclohe:-Mn-2-yi amine

Twenty-five grarr.s (0,l5 mole) of 3-broxnocyclo-

hexene were luixod with 50 g. (C.3I mole) of diisoamyi-

amine in IOC nil. of ether. After standing overnight,

the reaction mixture was filtered, the filtrate shaken

with 50^' sodium hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the product

distilled under reduced pressure. The yield was

26 g. {71%) of a product boilint; at ll^7.S°/l6 ima.

The pi crate and the methiodide were attempted

as derivatives, but no reaction proiucts vjcre obtained.
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N,K-Dli3Qaiayicyclohexen-2-ylamlne

Equation for Eynthe^is:

Br-|-2HN(i£oC^H^^) — ^ N(i£oCcH_^_j^ )o +

(lsoC,^Hj_^)NH.HBr

Molecular Formula C ,H N
16 31

Molecular Weight 237.1+

Boiling Point li4.7.5°A6 iran.

20
\ 1.U651

Yield, % 71.0

Analysis--Nitrogen, %:

Calculated 5.90

Pound 6.26
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H-n-Hexylcyclohexen-g-ylaialne

Twenty-five grams (0.15 mole) of 3-bromocyclo-

hexene were mixed with 120 g. (1.19 molea) of n-hexyl-

amine in 100 ml. of ether. After standing overnight,

the reaction uiixtvire was filtered, the filtrate shaken

with 505^ sodium hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the product

distilled under reduced pressure. The yield was

23 g. i^2%) of a product boiling at 112.$°/? mm.,

111.0°/^ mm., or 75°A

No solid derivatives could be obtained from the

attaaipts to make the hydrobromide salt, the phenylthiourea,

or the benzenesulfonamlde.
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N-n"Hexylcyclohexen-'2-ylamina

Equation for Synthesis:

Molecular Pormvila ^12^23^

Molecular Weight .161,312

Boiling Point 111°/^

22
"

D 1.1+670

Yield, % 62.0

Analyses—Carbon, %i

Calculated 79.5

Pound 79.1+.

Hydrogen, %i

Calculated 12.6

Pound 12.6

mxa.
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N-N-Dl-n-hexylcyclohexen-2-ylanlne

Twenty-five £;raias (0.l5 mole) of 3-bromocyclo-

hexene were mixed with fO g. (O.i+3 mole) of di-n-hexyl-

amine in li.O ml. of ettier. After standing overnight,

the reaction mixture war, filtered, the filtrate shaken

with $0% sodium hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the product

distilled under reduced oressure. The yield was

36 g. (e^/i) of a product boiling at 127.5°A cut:.

Attempts to prepare the hy drobromide, the

phosphate, the tartrate, and the 3» 5-dinitroben£oate

salts were unsuccessful.



r
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N-N-Dl-n-hexylcyclohexen-2-yl amine

Equation for Synthesis:

Molecular Fontiula thm
16^35

Molecular Weight 265.1|66

Boiling Poinc 127.5/1 imn.

" D 1.4675

Yield, % e^^Q

Analyses --Carbon, %:

Calculated tl.h

Pound tl.3

Hydrogen, %i

Calculated 13.3
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N-n-HeptylcyclQhexen-2-yl amine and

Characterization Derivative

Twenty-five grams (0.1^ mole) of 3-bromocyclo-

hexene were mixed with 110 g, (0.96 mole) of n-heptyl-

amine in 100 ml. of ether. After standing overnight, the

reaction mixture was filtered, the filtrate shaken with

$0% sodium hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the product

distilled under reduced pressure. The yield was 25.3 g«

(63. 55^) of a product boiling at l2k°/6,$ rrm. or at

109°/3»0 mm.

The phenylthiourea was prepared by mixing 1 ml.

of the base, and i ml. of phenyiisothiocyanate in a

test tube. After the initial reaction subsided, the

mixture was heated gently over an open flame. The

cooled product was shaken with S0% ethanol, decanted,

dissolved in 95^ ethanol, and stored In the deep freeze

for several months. At the end of this time the product

had solidified and could be crystallized from 9^% ethanol.

The pure product melted at 95.1^-97,i4.°.
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N-n-Hept.Ylcyclohexen-2«yl amine

Equation for Synthesis:

»Br-f-2H2NC^fl^^.

Molecular ^'oriaula c H n••••''13 25^
Molecular Weight 195.34

Boiling Point 109% ma.

" D 1-4667

Yield, f. 63.5

Analyses— Carbon, ^:

Calculated 60.0

Pound 79.8

Hydrogen, %:

Cal culated 12. l|.

Pound 12,6
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Character izatlon Derlvat Ive

Phenylthiourea:

Molecular Formula
^2o'^30^2^

Molecular Weight 330.52

Melting Point 95.i+-97.1^°

Analyses— Carbon, %:

Calculated. , ,72.7

Pound 72.6

Hydrogen, %:

Cal cul at ed . . . 9 . 1

5

Found 9.07
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N, N-Dl-n-octyicyc.iohexen-2-yltamlne

Twenty-five scrams (0.l5 mole) of 3-broinocy clo-

hexene were niixed with IOC (0.1+2 mole) of di-n-octyl-

ainlne in IOC ml. of other. After standing overnight,

the reaction i,.ixture war. filtered, the filtrate shaken

with SOfn sodium hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the proiuct

distilled under reduced pressure. The yield was 31 g«

o
{62, S%) of a product boilins at I6I4..5 /I nim.

No derivatives of this arriine could be obtained

as a solid.
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N, H-Di-n-octyicyclohexei,-2-yi amine

Equation for Synth.es is:

(Cj Hj_^)NK.H3r

Molecular Formula
^2<£^i(.3*^

Molecular Weight 321.572

Boiling Point l6i+.5°/l nim.

n^^-^jj 1.1+661

Yield, % 62.5

Analyses—Carbon, %:

Calculated 62.3

Pound 62.9

Hydrogen, %:

Calculated I3.5

Pound 13.6
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N,N~Dl-2-ethylhexylcyclohexen-2-'yl amine

Twenty-five grams (0.15 mole) of 3-broinocyclo-

hexene were mixed with 1^0 g. (0.62 mole) of di-2-ethyl-

hexylamlne in 100 ml. of ethtjr. After standing overnight,

the reaction mixture was filtered, the filtrate shaken

with S0% sodiur; hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the product

distilled under reduced pressure. The yield was 20 g.

(kO'^) of a product boiliaj at 135°/0.5 mm.

No derivatives of this amine could bt obtained

as a solid.



62

N,N-Di-2-Rt hylhexylcyclohoxan-2-y 1;3Tn-nP

Equation for Synthesis:

N ( CH2CHC2H5C;^K,^
) ^-f ( CH2CHC2H5C^H^

) ^l^H • uBr

Molecular Formula
^22\3^

Molecular Weight
572

Boiling Point O/,, ^

^ 1.U703
Yield,

ko.o
Analyses--Carbon, ^:

Calculated 62.3

61.5

Hydrogen, ^:

Calculated
13 .4

Found TO,13*4
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N-n-Konylcyclohexen-2''ylainlne

Twenty-five grains (0.15 mole) of 3-bromocyclo-

hexene were mixed with 69 g. (0.62 mole) of n-nonyl-

amine in 100 ml. of ether. After standing overnight,

the reaction mixture was filtered, the filtrate shaken

with S0% sodium hydroxide, and separated. The ethereal

solution was dried, the ether stripped, and the product

distilled under reduced pressure. The yield was 25 g.

(72%) of a product boiling at l52Vl7.5 mm. or 120°/3.5 mm.

The phenylthiourea was an amorphous, waxy solid

which melted near room temperature. All attempts to

crystallize this material were unsuccessful, as the

product always came down as an amorphous curd contain-

ing colored impurities.



N-n-Nonylcy clohexeri-2-ylamlne

Equation for Synthesis:

)Br + 2H NC H ,
—" ( )l\HC H +C H lili 'tibr^ 2 V 19 \ / S- IV V J.V 2

Molecular Fornula ^15^29^

Molecular Welj^ht 223.39

Boiling Point 120°/3.5 miri.

1.U637

Yield, 't. 72.0

Analyses--Carbon, %:

Calculated 60.6

Pound fcC.O

Hydrogen, f.:

Calculated I3.I

Found 13

,
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1- ( Cyclohexen-2-yl ) -plperliine and

Characterization Derivat Ives

Thirty-two and one-half .^rax.MC (0.20 mole) of

3-bromocyclohexene were mixed with 37 (O.I4.3 mole)

of plperidine In 100 ml. of ether. The reaction was

rapid and required coolin.^ to prevent loss of reactants.

After the reaction mixture had cooled, it was allowed

to stand overnight and was then filtered and neutralized

with S0% sodium hydroxide. The ethereal solution, after

separation froni the aqucouc layer, was dried, the ether

stripped, aiid the product distilled under reduced pressure.

The yield was 16. 6 g. (505^) of a pure product boiling

at lCk°/9,^ mra.

This compound, along \-iith its picrate and meth-

iodlde derivatives, has been prepared by T. J. King."'"-^

The reported boiling point wls 1C5>'°/10 mra.

The picrate was prepared by r.ixing 1 ml. ol the

base with 10 r..l . of a saturated solution of picric weld

in 9Sr ethanol. The picrate precipitated ' iM-ediutely

and was ear-ily cryttailized fror.; ethanol. The picrate

melted at 110. 3-111 .S^Creported 106 -109*^

}

The metn iodide was prepared by mixing 1 n.l . of

the Ohve- with i mi. or methyl iodide. The reaction is

liTiiiiediate and vigorous and the solid methiodide can be
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crystallized as soon us the product is cool. The

raethlodide, crystaxiizod froia aosolute ethanol and

ether, melted at l56.6-l57°(r*eported l60°).^^

The hydrobroiuide was made by diesolvinj 1 mi.

of the base in 10 ml. of absolute ether and adding an

excess of hyirogen bromiie in absolute ethanol. The

copious precipitate was crystallized from absolute

ethanol and melted at 236,6-23^.1°.
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1- (CyclQhexen-2-yl ) -plperidlne

Equation for Synthesis:

Molecular Formula ^11^19^

Molecular Weight 165.270

Boiling Point lQk°/9,S nin.

J^^^D I.h9&5

Yield, fc 50.

C

Analysis—Nitro-^en, ^:

Calculated f .3^

Found ^ .2k
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Characterlzet Ion Depivntive s

Picrate:

Molecular Formula ^17^22^1+

Molecular Wel^jht 39U.39

Melting Point Pound, 110.5-111.5°
Reported, 106-109*^

Methiodide:

Molecular Formula Cj^2^22^'^

Molecular Weight 307.23

Melting Point Found, 156.6-157°
Reported, 160"^

Plydrobroni de:

Molecular Formula C .H,^,NBr
ii 20

Molecular Weight 2i].6.19

Melting Po5nt 236.6-236.1°

Analyses-'Carbon,
f-,:

Calculated. .53*6

Pound 51;. I

Hydro(';en, f,:

Calculated. .P.l^

Pound 6.17
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l-(Cyclohexen-2-yl )-rriorpholine and

Charact erl z at Ion Derivatives

Twenty-five grams (0.15 mole) of 3-broinocyclo-

hexene were mixed with g. (0.50 moxe) of morphoiine

in 100 ml. of ether. The reaction was rapid and required

cooling to prevent loss of reactants. After the reaction

mixture had cooled, it was allowed to stand overnight.

It was then filtered, neutralized with 50^ sodium

hydroxide, separated from the aqueous layer, and dried.

The ether was stripped from the mixture and the product

distilled under reduced pressure. The yield was 22, g.

(67^) of a product boiling at 120°/!^ om»

The picrate was prepared by mixing 1 ml. of the

base with 10 ml. of a saturated solution of picric acid

in 9S% ethanol. The picrate precipitated immediately

and was crystallized easily from ethanol. The picrate

melted at 1U9.5-152. 5°

.

The methiodide was prepared by mixing 1 ml . of

the base with 1 ml. of methyl iodide. The reaction was

immediate and vigorous and the solid methiodide could be

crystallized as soon as the product cooled. The meth-

iodide, crystallized from absolute ethanol and ether,

melted at 139-11+1°.

The hydrobromide was made by dissolving 1 ml. of
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the base in 10 nl . of absolute ether and adding an excess

of hydrogen broiiiide in absolute ethanoi. The copious

precipitate was crystallized from absolute ethanoi and

melted at 177.i|-17f .14-°.



71

1- (Cycl ohexen-2-yl ) -morphollne

Equation for Synthesis:

DC

Molecular Formula C H ,N0
^10 16"^

Molecular WeigtiC 166.236

Boiling Point 120% 6 zniu

20
^ p 1.5010

Yield, % 67.0

Analysis—Nitrogen, %i

Calculated 6 .36

Pound e.56
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Characterization Derivatives

Plcrate:

Molecular Porn;ula ^16^19\°6

Molecular Weight 395. 3U6

Melting Point 1149.5-152.5

Anal7slE--Nitrog£n, %:

Calculated ll|..l

Found 13.9

Methiodlde:

Mo 1 e cu la r Formul a C ^H_j_ c/IO 1

Molecular Weight 30fc.i66

Melting Point 139-li|.l°

Analysis—Nitrogen, %:

Calculated i|.53

Found h'26

Hydrobromide:

Molecular Fonaula C-j^^H^gNOBr

Molecular Weight ai^fi.l?

Melting Point 177.4-176.1+

Analyses--Carbon, %:

Calculated

Found 1|C .5

Hydrogen, 'f,:

Calculated 7. 31

Pound 7.26



CHAPTER lY

REACTIONS OF 2, 5-niMETHYLPIPERAZIIIE AND DERIVATIVES

Preparation of Derivatives

2, 5-Diinethylpiperazine exists in two forms,

the trans and the cis . As a point of interest axid to

aid in the identification of products, the properties

of the isomers are presented in Table I-.

The 2, 5-diraethylpiperazine that was supplied

for this work melted at lG9.6-lli+.2°. This was crystal-

lized once from chloroform, which raised the melting

point to 115.P-116°. The crystals obtained from this

purification were still colored, so the crude material

was distilled, yielding a pure white solid boiling at
o

160-1614. /760 ram. It was felt that this material was

sufficiently pure for synthetic work.

For comparison with earlier work, the trans

isomer was isolated as the dihydrochlorlde, and the

l,U-dlbenzoyl derivative was prepared. The l,i4.-dl-

benzenesulfonamide was made as an additional new deriv-

ative and for clinical testing.

The l-(2-hydx"oxy ethyl) derivative was prepared,

73



7U

after several attempts, by adding ethylene oxide to a

solution of 2, .^-'^ii^'ethylpl perazine In n-hexanol. The

use of n-hexenol ar a solvent made the purification and

separation of unreacted starting material much easier

because it prevented the solidification of 2, r-'iln^f-thyx-

piperazine in the condenser durinf, distillation. The

l,I;-di-(2-hydroxyethyl ) derivative was obtained as a

by-product of the above reaction. It waf also made

intentionally by addition of an excess of ethylene

oxide both to 2,5-dimethylpiperazine in methanol and to

the 1- (2-hydroxyethy 1 ) derivative in methanol.

1- (2-Hydro xyethyl )-pipera7.ine was prepared by

the method of Kitchen and Pollard and was ujied as an

intermediate in the preparation of the cyclohexenyl

derl vat ive

.

1- ( 2-Hydroxy6thyl ) -l4-cyclohexen-2-ylpiperazlne

and 1- (2-hydroxyethyl )-i|-cyclohexen-2-yl -2,5-dimethyl-

piperazine were prepared by adding 3-t>ron'^ocyclohexene

to the amino alcohol.

The phenyl derivHtlve was attempted in several

ways and finally was made by the adiition of iodobenzene

to the amino alcohol.
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t ra ns - P . ^ - ni r.
: o t hy 1 p i p e r a z In e and

Charactc-rlzatlon Derivatives

Fifty-seven grar.s (G.50 luole) of 2, 5-dii»,ethyl.

piperazine were dissolved in ^CC ru . of absolute ethanol.

This solution was added to a 5CG lal . three-necked fxask

contalnir^ IGO ..1. of .usolute ethanol saturated wicn
dry hydrogen chloride. riydro^«n chloride was oubuied
into the flask throughout tne adaition. The heat of

reaction was dissipated by allowing the ethanol to reflux.
The solid was filtered throu.^h a sintered glass filter
disk and extracted five times with boiling absolute
ethenol. The product was removed from the tube axid

dried overnight in a desiccator containing calcium
chloride.

The yield wa. 77 g. iC2^) of the dihy drochlorlde
of trans-2,5-dimethylpinera2ine.

The benzenesulfona^iide was prepared by rraxlng

6 g. of 2,5-dimethylpipera2ine with 17 g. of ben2ene-
sulfonyl Chloride and an excess of 2C,t sodiu^n hydroxide.
The product was filtered fro. the .ixture and crystallized
rro. formaraide. The yield was 10 g. il,t>%) of pure
product meitlrvi at 222-2a3°.

prepared fro. 5 or tran.-2.S-dl.o.hylplperaz:ne dl-
hydrochloride dissolved .n nl. of water. To this
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solution were added 7 ml . of benzoyl chloride and 60 ml.
Of 20% sodium hydroxide. The mixture was shalcen vigorous-
ly, and the white, curdy precipitate was filtered from
the solution.

Pope and Klppm,;, «ho prepared this derivative,
st«te th.t 1.4-dibenzoyl.trM.-2.5-di„et.yipiperaU„e

'

is insoluble in aU uauax ..Iventa, and to erfoct its
puriricatian, th.y resorted to ertraction or the solid
pr-oduct «it. various .oivonts.^^ i,ey obtained a product
melting at 226.^29°. Because or tbe re.ar.aoxe solvent
P.'.pertiea or ror..<.,ide, it was used ro. ory.t^Uizing
the dibenzoyi derivative. l,.-Diben.oyl-2.5-tran3-

diaethylpiperazine cryst.Ui.ed v.ry readily fro™ fo™-
amide and yielded ii.7 ^ rtri^> ^J laed 1^.7 g. (S3.,^ „f ^ y^^j^.^ ^^^.^^^ ,r,^i.t^i
at 230-231

. The aa.,e reaction wa. run „ltn distilled
2.5-dlMethylpiperazine, yielding a product .eUin, ac
229-230°. A .,.ixed meltin.. point of this product with
the trans isomer derivative also .olted at 229-,3c''
Fro„ these results it was decided that the distilled
2,S-dimethyloiperazine, rathe- tnan fh«' ^nan tne pure trans
isomer Obtained from the extraction of the hyd,.och...ndes.
would provide suitable starting .ateriai for the prepare-
tions that follow.
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trans-?, ^-^ir-iethjlpi perazine and

Characterlzat Ion Per Ivat ives

Preparat ion:

The trans Isomer wus prepared by extracting the

mixed trans and cis isomer hydrochlorides with boiling

ethunol. The trans isomer was insoluble.

Molecular Formula
'^6^1I|.^2

Kolecuiar Weight ii4.l6ts

Melting Point lit

Boiling Point l62°/760 mm.



Characterization Derivatives

DlbenzenesulfonHmicie:

Molecular Formula ^16^22^2^2*^11.

Molecular Wei(5ht 39i+.l|.92

Melting Point ZZ2-2Z'^

Analysis--ijitragen, f,'.

Calculated. . .7.1C

Found 6. 93

Dibenzoyl:

Molecular i-'u uuia

Molecular Welf^ht.

Melting Point . . .

.

^20^22^4

351^.392

...Found, 230-231°
Reported, 226-229
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l-(2-Hydroxyethyl)-2.5-dlmethylplperazlne and

Characterization Derivat ive

Ninety grams {2.0k moles) of ethylene oxide

were added to $ vH, of water and llUO t]- moles)

of 2,5-dixnethylpiperazine disr.olved in 1000 ml. of

n-hexanol. The reaction fixture was ir.aintained at

90° with a heatinr; mantle throu/hout the period of

four hours required to complete the addition of the

ethylene oxide. The reaction vesBul was a three-necked,

three-liter flask equipped with a condenser, and

efficient stirrer, and an addition tube extending below

the surface of the liquid in the fx ask.

After the addition was coxaplete, the condenser

0

was placed in a horlzoncttl position by means of a 90

bend, and the stirrer arid addition tube were removed

and replaced with stoppers. The hexanol, water, and

2, 5-dimethylplperazino were stripped and the product

distilled under reduced pressure. The yield was 220 g.

(69.7)0 of a product boiling at 121 /lO mm.

Kitchen and Pollard prepared 1- (2-hydroxyethyl )

-

piperazine by reacting ethylene oxide with piperazlna

ii2 ^ ^
in methanol. This procedure was followed with 2,5-

dimethylpiperazine, but the excess 2, 5-dimethylpipera-

zine was very difficult zo separate from the product
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because it would solidify in the condenser, plugging it.

This reaction was modified by using a solvent which

boiled near the boiling point of 2, 5-dimethylpiperazlne.

n-Hexanol, with a boiling point of 156°, was chosen.

The mixture of n-hexanol and 2, ^-dlmethylpiperazine

distilled smoothly, with no plugging of the condenser.

Nearly all of the 1- (2-hydroxyethyl)-2, 5-dimethylpipera-

zine used in this project was prepared in this manner.

1, l4-Di- (2-hydroxyethyl ) -2,5-dimethylpiperazlne

was prepared as a characterization derivative by adding

an excess of ethylene oxide to IC g. of 1- (2-hydroxy-

ethyl ) -2, 5-dimethylplperazine in methanol. It was also

recovered as a by-product from the preparation of 1-

(2-hydroxyethyl )-2, 5-diinethylpiperazine . The yield as

a by-product was as much as 10^ of the molar quantity

of ethylene oxide used. The melting point of l,i}.-di-

(2-hydroxyethyl)-2,5-dimethylpiperazine was 106.5-110°,

and the product was crystallized from benzene.
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1- (3-nydroxyethyl 5-dlniethylploerazine

Equation for Synthesis:

H2C-CH2+ HN ^NH—^ HN ^CH^C^^On

CHg-CHCCH^) CH-CH(CH^)

Molecular Formula • C H NO
8 16 2

Molecular Weight 158. 2I|.

Boiling Point 121VlO mm.

"
D 1.4925

1.0053

Molar Refraction:

Calculated I4.6.O3

Pound ii5.ee

Yield, 69.7

Analysis—Nitrogen, <«^:

Calculated 17.7

Pound 17.7
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Characterization Deri vat Ive

l,U-Dl-(2-hydroxyethyl)-2,5-dimethylplperazine:

Molecular Formula '^10^22^2^2

Molecular Weight 202.30

Melting Point 108.5-110°

Analysis—Nitrogen, %:

Calculated. . . .13»9

Pound 13.9
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l-CYclohexen-2-yl-U>(2-hyclPOxyet hvl)-piperazlne and

Characterization Derlvafclve

Thirty-two grarn.s (0.2 mole) of 3-bror;Ocycl ohexene

were added to 26 g. (0.2 mole) of 1- (2-hydroxyethyl)

-

piperazine and 10.6 g. (0.1 mole) of sodiuni carbonate

in 100 ml. of carbon tetrachloride. The ralxture was

refluxed overnight. The basic material waii neutralized

with dilute hydrochloric acid and separated from the non-

aqueous layer. The aqueous layer was made strongly oaslc

with sodiuxQ hydroxide, saturated with sodium sulfate,

and extracted with ether. The ethereal extract was

dried, the ether stripped, and the product distilled

under reduced pressure. The yield was l5 6- (3^''0??)

of a product boiling at l6l.5°A»2 mm.

The plcrate was prepared by mixing 1 ml. of the

base with 10 ml. of a saturated solution of picric acid

in ethanol. The plcrate was filtered from the reaction

mixture and crystallized from 95^ ethanol. The plcrate

melted at 199-201°.



l-Cyclohexen-2-yl-i;- (2-hydroxyethyl )-plperazine

Equation for Synthesis:

CH-CH
/=\ / ^ V

2 ^ B--f 2HN^ ^NCH2 CH20H+Na2C0^ ^

—

^CH2-CH2

2 ( ) 1^^ NCH2CH20H-|-2NaBr -\- YL^Q -f

\ /
CH2—CH2

Molecular Formula ^12^22^2^

Molecular Weight 210.312

Boiling Point l6l.5°A.2

n^^'^j^ 1.5215

Yield, % 36.6

Analysis—Nitrogen, %:

Calculated I3.3

Found 13.1
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Character Izabi on Derivative

Plcrate:

Molecular Formula ^16^25^5^6

Molecular Weight ii.39. 1+22

Molting Point 199-201°

Analysis--Nltrogen, %i

Calculated. . . .15»9

Pound 16,6
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l-Cyclohexen-2-yl-l;-(2-hydroxyethyl)-2,5-dliaethylplperazipe

and Characterization Derivative

Thirty-two graxiis (0.2 mole) of 3-bromocyclohexene

were mixed with 31 g. (0.2 mole) of l-(2-hydroxyethyl)-

2,5-dimethylpipera2lne and 10.6 g. (0.1 mole) of sodlm

carbonate in 100 ml. of carbon tetrachloride. The

reaction mixture was heated overnight. The reaction

mixture was made acid with dilute hydrochloric acid and

the aqueous layer separated. This solution was made

strongly basic with sodium hydroxide and saturated

with sodium sulfate, which allowed the base to be ex-

tracted easily with ether. The ethereal solution was

dried, the ether stripped, and the product distilled

\mder reduced pressure. The yield was 15.7 g. (33^)

of a product boiling at 121°/0,k.S mb. or 173° ^*

The hydrobromide was prepared by dissolving 1 ml.

of the base in 10 ml. of absolute ethanol and mixing it

with 10 ml. of a solution of dry hydrogen bromide in

ether. The dlhydrobromide formed was only slightly

soluble in absolute ethanol, so It was crystallized from

wet ethanol and precipitated by ether. The final product

o
was dried at 100 for two days in a vacuum oven. The

dlhydrobromide melted at 193-194°.



88

l-Cycloheren-?-yl-h.- ( 2-hyiroxyethyl ) ,^-dlinothylpiperazlne

Equation for Synthesis:

CH(CH^)-CH„

2 ^Br-f2HN NCH2CH20H+Na2C0^—
CH2-(CH^)CH

CH(CH.)— CH^

2 ^ )N ^CH2CH20H-f2NaBr -|- + CO2

CH2 -(CH3)CH

Molecular Pormula C . H ,N^0
14 26 2

Molecular Weight 23fi.36i|

Bollinqr Point 173°/^. 5 mm.

27
n 1.5157

Yield, % 33,0

Neutral Equivalent:

Calculated 236

Pound 2ij.O

Analysis—Nitrogen,

Calculated 11,6

Found 11 ,9
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Characterization Derlvat Ivo

Dlhydrobroralde:

Molecular Formula C^^H2^N202HBr

Molecular Weight 400.212

Melting Point 193-1 9l|°

Analysis— Bromine, %:

Calculated. . . .39.9

Found. 39.6
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l-Phenyl-U-(2-hydroxyethyl)-2,5-dlmethylplpera2lne
Dlhydrochlorlde

Thirty grams (0.1i|7 mole) of lodobenzene,

27 g. (0.17 mole) of 1- (2-hydroxyethyl ) -2, 5-dlmethyl-

plperazlne, and 21 g. (0.20 mole) of anhydrous potassium

carbonate were mixed together and refluxed for twenty-four

hours. The reaction mixture was made basic with sodium

hydroxide, and the released base was extracted with ether.

The ethereal solution was dried, the ether stripped,

and the product distilled under reduced pressure, boiling

at li|5-l65°/3 mrf]. This product was treated with a

small excess of ethylene oxide to remove any unreacted

l-(2-hydroxyethyl)-2,5-dimethylpiperazlne and converted

into the dihydrochloride with anhydrous hydrogen chloride.

The dihydrochloride was crystallized from ethanol and

anhydrous ether. Some of the oroduct fomed was used

for other experiments. This reaction yielded 2.5 g.

(i^.oe^ over-all) of the di hydrocfilor ide. which melted

at 235.5-237.5°.
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l-Phenyl-U- (2-hjdroxyethyl ) -2, ^-dlmethylplperazine
Dlhydro chloride

Equation for Synthesis:

^CH(CH^^)— CH

2 \cH2CH20H+ Na2C0^ *

\h—(CH^)CH

CH(CHJ—CH^
/=\ / ' V

2
<^

^NCH2CH20H+ 2NaI -f H^O + CO^

CH^—(CH^)CH

Molecular Porinula
^ll4.^^22'^2

Kolecul&r Weight 307.262

Melfclnp; Point 231-233°

Yiell, i 1|.06

Analyses--Nitrof;en, ^;

Calculated 9.1^

Poimd t.eu

Chlorine, %i

Calculated 23.2

Poxmd 23 .2

Carbon, %;

Cttlculated 5i|.6

Pomd 54.6

Hydrogen, %:

Calculated 7.66

Found 7.65
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Experiir.ental Work and DiL^cusalon of Some oT the

—Other Possible Routes Used Unsuccessfully in.

Attempts to Frupare l-Phonyl-i^- (2-iajdroxy-

ethyl)-2.b-dlnethylpiperazine

The first experiment conducted was the preparation

of l-cyclohexyl-U-(2-hydroxyethyl)-2,5-dirQethylpiperazin-e.

The intention was to dehydrogenate this material to the

phenyl derivative.

Ten grains of the cyclohexyl cor.ioound were mixed

with a large excess of sulfur and heated for several

hours. The product was a thick tar from which no individ-

ual compounds could be isolated. Ten grams of the cyclo-

hexyl compound were mixed with a slight excess of sulfur

and heated for several hours, again yielding a thick tar.

The preparation of the cyclohexyl derivative was repeated,

and 10 g. of this material were mixed with 2 g. of S%

platinum on asbestos and heated for several hours. This

yielded a thick tar from which a small amount of starting

material could be recovered. The same procedure, with

the same results, was carried out using palladium on

asbestos

.

Study of the standard organic textbooks indicated

that cyclohexene may be dehydrogenated much more easily

than cyclohexane. This mode of attack was pursued by

first preparing l-cyclohexen-2-yl-U-(2-hydroxyethyl)-
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2,5-dimethyipiT)era2lne to oe used ai a start in.; material

for j^everal further reactions. The cyciohoxenyl deriva-

tive wac first mixed with an excess of sulfur and heated.

This reaction yielded a thick tar, with an extremely

bad ani penetratin- odor, from which no individual com-

pounds could be isolated. The experiment was repeated

with a slight excess of sulfur and yielded the same

results. The same experiment was repeated usin^ selen-

ium instead of sulfur with the same results except the

odor was much worse.

Ten grams of the cycluhexenyl derivative were

treated with 2 g. of platinuPi on at^bestos. A large

amount of polymer rosulted as the only product. The

same results were obtained using piaxxadiUKi on asbestos.

Ten grama of the cyclohexenyi derivative were

mixed with 30 ml. of cyclohexene and 50 ml. of xylene

and refluxed for twenty-four hours. The product from

this reaction was liquid but could be crystallized from

ethyl acetate. The starting material would not crystal-

lize from the same solvent. Analysis of this product

for nitrogen, carbon, and hycirogen checked exactly for

I-cyclohexen-2-yl-4-(2-hydroxyethyl)-2,^^-dimethylpipera-

zine monohydrace. This indicated that this roaction

yielded no material other than starting material. It

was felt that the product that crystallized as the mono-
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hydrate was an Isomer of the original starting material.

If a quantity of the cyclohexenyl derivative were

allowed to stand at 0° for four to six months, about

one-third of the loaterial present would have solidified

and could have been crystallized in the same manner as

described above. The product had the same melting point,

and a mixed melting point with the above material was de-

pressed only slightly.

l-Cyclohexen-2-yl-l|- (2-hy droxyet hyl ) -2, 5-diraethyl-

piperazine can be considered as a derivative of cyclohexen-

2.ylamlne. With this in mind, cyclohexen-2-ylamine, N-

methylcyclohexen-2-ylamine, N,N-diraethylcyclohexen-2-

ylamine, N,N-diethylcyclohe-en-2-ylamine, N-cyclohexen-

2-ylpiperidine, N-cyclohexen-2-ylmorpholine, and N-cyclo-

hexen-2-ylaniline were synthesized, it was believed that
the cyclohexene ring would, on standing, disproportionate
Into two moles of the cycluhexyl and one mole of the

phenyl derivative of the amine involved. This aging was
followed by use of the infrared spectrometer, spectra
being taken at various intervals in an effort to detect
any change. The N,N.diethylcyclohexen.2.ylamlne was

considered of much interest, as the two chains attached
to the nitrogen atom approximated the piperazine structure.
Pure samples of N, N-dlethylcyclohexane and N,N-diethyl-
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aniline were obtained from Distillation Products Indus-

tries and were distilled throuj^h a Todd Precise Distilla-

tion Column using a 120 cm. column, 12 mm. in diameter,

packed with glass helices. Infrared spectra of these

materials were made, along with a mixture of one-third
,

N,N-diethylaniline and two-thirds N,N-dlethylcy clohexyl-

amine, and 10% of this mixture in 90% of N,N-dlethyl-

cyclohexen-2-ylamine. These spectra are presented in

the section discussing the infrared spectra made in the

course of this work.

These spectra prove that there is no spontaneous

dlsproport ionat ion of the compounds under study over the

period involved. There was a decrease in the unsaturation

of the diethyl derivative, but as there was no indication

of formation of a phenyl group, this decrease in un-

saturation was attributed to the formation of a polymer

which precipitated as amorphous globules in the liquid.

Further attempts were made to prepare the phenyl

derivative, including addition of £-chlorobenzoic acid and

£-chloroben2oic acid to l-(2-hydroxyethyl)-2,5-dimethyl-

piperazlne using a copper catalyst, addition of £-nltro-

bromobenzene to l-(2-hydroxyethyl)-2,5-dimethylpipera2ine.

The preparation of l-phenyl-2, 5-dimethylpiperazine was con-

sidered via N-l-methyl-2-chloroethyl-N-2-methyl-2-chloro-

ethylaniline, but this intermediate could not be prepared.



CHAPTER V

DISCUSSION AND CONCLUSIONS

Infrared Spectra

Aromatic groups, alkenes, and alkanes are easily

differentiated by their characteristic infrared abtorption

bands. The possibility of cyclohexenyl groups dispropor-

tionating to a phenyl group and two cyclohexyl groups

could be investigated experimentally using the infrared

spectrograph to determine any change.

N,N-Diethylcyclohexfcn-2-ylainine was chosen as the

compound to be studied by this method, as pure N,N-diethyl-

cyclohexylamine and N, N-diethylaniline are available

commercially, and its structure approaches the basic

structure of the piperazlne derivative to be prepared by

this method. Other related derivatives of cyclohexen-2-

ylamine were prepared and their infrared spectra made to

aid in detemiining typical aDsorption bands for taese

compounds

.

Table III compares freshly made N,N-diethyi-

cyclohexen-2-ylamine, N,N-diethylcyclohexylamine, and

K, N-diethylaniline with N,N-diethylcyclohexen-2-ylaniine

scored six months at 20°. For reference, ten other

96
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related compounds are included. The spectra of cyclo-

hexane, cyclohexene, benzene, aniline, and N,N-dimethyl-

anillne were adapted from "Infrared Spectroscopy" by

Barnes et^ al .^-^

There are seventeen iiiajor points of difference

between the spectra of K,N-diethylcyclohexylainine, N,N-

diethylcyclohexen-2-ylaTOlne, and N,N-diethylaniline.

These differences show conclusively that no dispropor-

tionation occurs and that after six months standing,

the starting rtiaterial, K,N-diethylcyciohexen-2-ylairiine,

18 the only compound present. Figures 1-6 are photo

reproductions of the pertinent spectra. Figure 1 is

freshly prepared N,N-diethylcyclohexen-2-ylamine. Figure 2

is the same material aged for six months at 20°. Figure 3

is N,N-diethylcyclohexylamine. Figure k is N,N-diethyl-

aniline. Figure 5 Is a mixture of 33 1/3 mole per cent

of N,N-diethylaniline and 66 2/3 mole per cent of N,N-

diethylcyclohexylamine. Figure 6 is a mixture of 10%

of the mixture used in Figure 5 mixed with 90% fresh

N,N-diethylcyclohexen-2-ylamine. It may be seen that the

spectrum in Figure 2 is quite different from the one on

Figure 6 and that Figures 1 and 2 are identical.

The absorption bands of the other compounds used
in this study are presented in Table III, along with
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N-inethylaniline, N,N-diethylcyclohexylanine, and N,N-

dlethylanlline as reference materials. Several interest-

ing points may be observed from these data. The band

appearing near 690 cm""^ for phenyl appears at 67i;-669 cm

for cyclohexenyl . The band near I6OO cm~^ for phenyl

appears at 1656-1650 cm ^ for cyclohexenyl. Phenylcyclo-

hexen-2-ylamine exhibits bands at 7k^ and 725 cm N-

Fiethyl and N, N-diethylaniline have the band at around

7i|6 cm ^, and the cy clohexen-2-ylainineE have the band

at 725-722 cm'"''. This indicates that the 725-722 cm""^

band is characteristic for the eye lohexen-2-ylamine series.

The band found between li|77 and 11^39 cm"''" shows a tendency

to split into two bands when the compoiind is either a

primary or secondary amine. Three tertiary amines show

this split while two of the secondary amines do not.
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TABLE III

INFRARED ABSORPTION BANDS OP SOME RELATED DERIVATIVES
OF CYGLOHEXYLAMINE, CYCLOHEXENYLAMINE,

AND ANILINE

Absorption Frequencies
Molecxae CM-'

4000 3500 3000

1. Cyclohexane

2. Cyclohexene

3. Benzene
,

1^, Cyclohexyl amine
I I

5. Cyclohexenylamine I I

6. Aniline

7. N-Methylcyclofciexenylainine I

8. N-Kethylaniline I I

9. N,N-Dlmethylcyclohexenylamine

10. N,N-Dimethylaniline

11. N,R-Diethylcyclohexylainlne

12. N,N-Diethylcyclohexenylamlne
\

13. N,N-Dlethylcyclohexenylaxnlne
(6 months) il

lU. -N,N-Diethylaniline
\

I:

.

j

15. Reference Bands
i
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TABLE III--Contlnued

Absorption Frequencies
CM~'

3000 2500 2000 1500 1000 500

ABC D EF G HIJKL
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TABLE IV

INFRARED ABSORPTION BANDS OF COMPOUNDS
OP THE TYPE

O
Where R contains a nitrogen atom attached directly to

the cyclohexenyl group

Absorption Frequencies
CM -I

4000 3500 3000 2500

1 . Amino

2. Methylamlno

3. Dimethylamino

k» Ethylamino

5. Diethylamino

6. n-Propylamino

7. iso-Propylamino

6. Di-n-propylaiTiino

9. n-Butylamino

10. Di-n-butyl amino

11. Di-iso- butyl amino

12. Pi- iso-amyl amino

i I I
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TABLE IV- -Continued

Absorption Frequencies
CM

3000 2500 2000 1500 1000 500

I-
i

1 1 1

1

1 11 II

1

2.
:

i il mill nil II

3. 1 1 1 nil llilllll mil

k. :

!

'i mill ii!i iiiiiii II

s. ill
1

1

II iiiiiiiiiii III llilllll

6. 1 II iiiiiiiii mil mill II

7.
1 1 1 11 III llilllll IIIIIII III

8. 1 II
1 IIIHIIIIIIII llilllll

9.
j iiiiii II

10.
i III II llllllilllMI 1

11. ill 1
1 IIIIIIIIIII III llilllll!! II

12.
1 1

1

1 llilllll mil inn II
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TABLE IV--Continued

Absorption Frequencies
CM-i

4000 3500 3000 2500

13. n-Hexyl amino

Ik' Di-n-hexyl amino

15. n-Heptylamlno

16. Di-n-octyiamino

17. Di-2-ethylhexylamino

18. n-Nonyl amino

19. Piperldine

20. Korpholine

21. l|-(2-Hydroxyethyl)-
piuerazine

22. U-(2-Hydroxyethyl)-
2, 5-diraethylplpera2ine

23. Phenyl

i I

1

1
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TABLE IV—Continued

Absorption Frequencies
CM-l

3000 2500 2000 1500 1000 500

13.

lU.

15.

16.

17.

le.

19.

20.

21.

22.

23.

! mil IMI ! II!

iiiiiiiiiiiiii; II





106



107





109

o
«

.

\ •
r-t S

CO C
O

^ o
o

t,
c a>

•H O
E g

(d\
o
>o
§^
u -a

0 cd

0)

a o
•H

•O iH
0) v* •

U C 9
OB 3 C

Vh >, B
c x: 3M +> rH
1 © >>
• -H K

U\TJ «>

I ^
• s o

P O
Br-I
® £?O J3
P

U 9
0<H



110

9

a i
iH

C K
a> o
o jC •

o «

© O -H
(X >» s

rH if I

*» f\J

<n 0) I

•H C^ TJ 4)

O I K

-P 4J O
t) C >»COO
O. O rH

•0 4) 4J
<D O. 0)

•

G •
M>o a
I

•

sO 0) C
C O

••HO

CO a

p
o n



Ill

Discussion and Conclusions

A niiiTiber of substituted cycloliexen-2-yiainines

have been prepared by use of 3-bromocycl ohexene as an

alkylating agent. The alkylation proceeded smoothly

and rapidly produced the desired cyclohexen-2-ylaxnine

In good yields. These amines may be purified by distilla-

tion since the starting amine was the only major impurity.

The 3-bromocyclohexene may be made in hi^h yields

by bromination of cyclohexene with N-bromosuccinimide

.

This was a standard reaction with both starting materials

available comirierclally

.

Attempts to convert the cyclohexenyi group into

a phenyl group were not successful. As this conversion

was tried only on the 2, 5-dimethylpipera2ine derivative,

eventual success in arylatlng amines by this method Is

not precluded.

Derivatives to aid in the characterization of

the amines prepared were difficult or impossible to make.

It is felt that many of the desired derivatives could be

made if completely anhydrous conditions could be main-

tained. Due to the high humidity in the laboratory,

the transfer of solvents, starting materials, and products

could not be made without their absorbing moisture. The
quaternary salts and acid salts of the cyclohexen-S-ylamines
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with alkyl groups on the nitro?!;en were particuxariy

hygroscopic. Heterocyclic coiupovinds, with the cyclo-

hexen-2-yi radical attached to the nitrogen, formed

derivatives with ease and were not noticeaoiy hydroscopic.

Table VII compared the boiling points of various

alkylated amino derivatives of cyclohexane, cyclohexene,

and benzene. While the boil in;', points were not at the

same pressure, the fact wae obvious that the boiling

points of the cyclohexyl amines and the cyclahexenyl-

amlnes were fairly close to each other, with the cyclo-

hexenylamines boiling his/her than the cyclohexy lamines

.

The anilines all boiled much higher than the comparable

compounds with the F;0re saturatei rings. Too little

data were available to draw any comparison between the

refractive indices or the melting points of similar

derivatives of these three series.



CHAPTER VI

£ U K K A R Y

As a result of ttiis investigation, eighteen

cyclohexen-2-ylamines have been synthesized. These

comooundE, with the exceptions of cyclohexen-2-yl amine,

N, N-diinethylcyclohexen-2-ylamine, and N,N-diethylcyclo-

hexen-2-ylainlne, are new to the literature. Data on

these compounds are oresented in Table V. Characteriza-

tion derivatives for these coiaoounds are reported on

the individual data sheets for the compounds.

Pour N-subst ituted heterocyclic compounds have

been synthesized. With the exception of K-cyclohexen-

2-ylpiperldlne, these compounds are new to the literature.

Data on these compounds are presented in Table VI.

Characterization derivatives for these compounds are

reported on the individual data sheets for the compound.

l-(2-Hydroxyethyl)-2,$-dimethylpiperazine, which

is new to the literature, has been synthesized. Data on

this compound are presented In Table VI.

Infrared spectra of certain of these compounds are

presented In Figures 1-6, and their characteristic absorp-

tion bands are presented In Tables III and IV.

113



111^

TABLE V

DATA CONCERNING ALKYLATED CYCL0HEXEN-2-YLAMINES

Where is H or alkyl; R^ is H or alkyl

B.p.

°C D '^C

H
TTn "7), r. 61. C t.2 • • • • • • •

H CH
3

57.0 67.0 14.0 » » * • • • •

0H3 CH3 60.0 79.0 3U.0 1.U6C1 25.0

H 6i|. .0 70.0 15.0 l.i|702 20.0

70. C 60 .0 6.0 i.U635 32.^

H 60. c 69.0 27.0 1 .U69O 20.0

H iso-C H
3 7

66.0 7U.C 21+.

0

1.4624 25.0

n-C H n-C H- ^3 7
77.

P

13I+.O kh'O l.U65i; 23.0

H n-C, H- h 9
66.0 61^.0 9.5 l.i|675 20.0

n-C, n-C, H- U 9
77.0 tii.O 1.5 I.U66O 2U.0

iso-C, H— h 9
Iso-C, H

i| 9
77.0 103.0 6.0 l.i+627 23.0

iso-C^H
5 11

71.0 li47.5 16.0 l.l|65l 20.0

H 62.0 111.0 6.0 l.i|67C 22.0

65.0 127.5 l.L i.4675 21.0

H n.C^H^3 63.5 109.0 3.0 1.1+667 22.0

n-CgHj^-^ 62.5 164.5 1.0 1.4661 22.5

2-(C2H5)C6Hi2 2-(CpH5)C^i^ ko.o 135.0 0.5 I..4703 22.0

H ^-C^Hji^g 72.0 120.0 3.5 l.i+637 22.0
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TA3LE V--Continued

Molecular
1 W 1 ill JL «

Molecular N . 1: c H » fo

C al c

.

u ct X v> . 0 a J. C « r una

6 11
97.15 • • • •

iii.ie 12.6 12, P.

7 13

C H N
P 15

• • • •

• • •

123.21 • • • • • • • • • • 75.8 12.1 11.9

^10^19^ 153.25 9.11+ 9.35 • • • • « • • • • • • • • • • •

C H N
9 17

139.23 • • • • • • • « • • 77.6 77.8 12.3 12.2

9 17
139.23 10.1 10.2 • • • • • • • • • • • • • • « •

iei.31 • • • • • • • • • • 79.6 78.3 12.8 12.3

^10^19^ 153.26 • • • • • • • • • • 78.

U

78.1 12.5 12.5

209.37 • • • • • • • • • • 60.3 80.6 13.0 12.8

^11+^27*' 209.37 6.67 6.73 • • • • • • • • • « • • • • • •

237.Uo 5.90 6.26 • « • • • • • • • • • • • • • •

^12^23^ iei.31 • • • • • • • • • • 79.5 79.I1 12.8 12.8

265. U7 • • • • • • • • • • ei.i; 81.3 13.3 13.3

Cl3%N 195. 3U • • • • • • • « • t eo.o 79.6 12. i| 12.8

^22^3^ 321.57 • • • • • • • • • 82.3 82.9 13.5 13.6
C22H^3N 321.57 • • • • • • • • • • 62.3 81.5 13.i+ 13.1+

^15^29^ 223.39 • • • • • • • • • • 60.6 80.0 13.1 13.2
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TABLE VI

DATA COKCEmaiW N-CYCLO^IEXEN-2-YL SUBSTITUTED
HETEROCYCLIC COMPGUIJDS

'•/here R is heterocyclic

Compound Yield,

1- (Cyclohexen-2-^1) -piper idine 50.0

1- (Gyclohexen-2-yl )-morphoiine 67.0

l-Cyclohexen-2-yi-l|.(2-hydroxyethyi )-
piperazine 36.6

l-Cyclohexen-2-yl-i4- {2-hydroxyethyl ) -

2, S-dimethylpiperazine 33.0

1- ( 2-Hydroxyethyl )

-

2, 5-diinet'aylpiperazine 69.7

1-Phenyl-1+- ( 2-hydroxyethyl ) -

2, 5-diinethylpiperazine-
di hydrochloride U.l
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TABLE VI--Continued

B. p.

nun

,

n
D

Molecular
Formula

Molecular
V/eight

N, %

Calc. Pound

lOl+.O

120.0

161.5

173.0

121.0

M. p.
235.5-
237.5

9.5

16.0

4.2

6.5

10.0

1.1+965

1.5010

1.5215

1.5157

l.i4925

26.0

20.0

26.5

27.0

26.0

• • • «

•HCl

165.27

166. 2i|

210.31

236.36

156. 2i|

307.26

6.36

6.36

13.3

11.8

17.7

9.15

6.3i+

e.56

13.1

11.9

17.7

Chlorine

23.2 23.2

Carbon

5U.e 5i+.6

Hydrogen

7.66 7.65
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TABLE VII

COMPARISON OF THE BOILING POINTS Oi?

CYCLOHEXYL, CYCLOHEXENYL, AND
PHENYL ALKYLATED A^iINE£

Alkylated
Amine

NHMe

N(Me)2

NHEt

N(Et)2

NHPr

NHisoPr

N(Pr)2

NHBu

N(Bu)2

N(isoBu),

NHlsoAiu

N(isoAin),

NHAm

N(Am)2

NHHex

NHHept

3 . p

,

Cyclohexyl

13U

kS-kl

60

62-65

65-67

87

69

90

93

nun

.

Cyclohexenyl

132

760

20

15

15

15

12

11

16

137

67

79

70

60

66

7k

116

102

• • •

95

106

111

124

760.0

ll|.0

314.0

15.0

6.0

6.0

2i+.0

27.0

9.5

1.5

6.0

• • • • •

16.0

7.0

1.0

6.0

6.5

Phenyl

mm,

90

65

96

92

222

212

236

97

149

21|6

126

150

130

265

156

161

4
.5

760

20

20

20

10

760

760

760

5

k

760

Ik

16

11

760

26

21
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